We present a scheme for a rapid solution of a general three-dimensional Schrodinger equation. The Hamiltonian operator is discretized on a point grid using the finite difFerence method. The eigenstates, i.e. , the values of the wave functions in the grid points, are searched for as a constrained (due to the orthogonality requirement) optimization problem for the eigenenergies. This search is performed by the conjugate-gradient method. We demonstrate the scheme by solving for the selfconsistent electronic structure of the diatomic molecule Pq starting from a given e8'ective electron potential. Moreover, we show the eKciency of the scheme by calculating positron states in lowsymmetry solids.
I. INTRODUCTION
The Kohn-Sham method of density-functional theory (DFT) (Ref. 1) casts the problem of many interacting electrons into the problem of solving one-particle Schrodinger equations. This is a tremendous simplification which makes large-scale first-principles electronicstructure calculations possible. However, the practical implementation of DFT still poses the problem of a fast and accurate solution of the Kohn-Sham equations for a general three-dimensional geometry. One way to reduce the calculational effort is the use of pseudopotentials and pseudo (valence) wave functions to decrease the number of electron states and to avoid difIiculties due to the rapid oscillations of the valence wave functions in the ion core regions. The pseudowave functions can be expanded, e.g. , in a plane-wave basis, that is, by Fourier analysis. To do this, one imposes periodic boundary conditions and the supercell approximation also for systems such as isolated defects in solids or finite atomic clusters.
However, a mathematical manipulation can be tried in order to avoid the effects of the supercell approach. By using plane waves, the numerical accuracy of the calculation can be systematically improved by increasing their number, i.e. , the cutoff energy. Another feature of the plane-wave expansion is that the resolution is uniform in the supercell. This is sometimes wasteful as the requirement for high cutoff is often most stringent near the atomic cores. A severe problem is that the number of plane waves needed can become so large that the calculations become extremely demanding on computer time and memory space.
The The energy eigenvalues of the molecular orbitals calculated using the plane-wave expansion are shown in Fig. 1 as a function of the cutoÃ energy. The finite-difference results, which are obtained after a given plane-wave calculation using the same local potential, are also shown. converged with the 7-point form and the change is only 25 meV when the 5-point form is substituted by the llpoint form. Therefore the fact that the finite-difFerence eigenenergies are consistently below the plane-wave ones means that the description of the wave functions is better in the finite-difference method than in the plane-wave method, in which the spurious oscillations of the wave functions far from the nuclei raise the kinetic energy (see Fig. 2 below) . Indeed, we have calculated the energy eigenvalues corresponding to the plane-wave wave function in our RCG code and they differ from those of the plane-wave calculation by the inaccuracy of the form for the kinetic energy.
The finite-difference eigenvalues rise with increasing cutoff energy refiecting changes in the potential. (The potential depends on the cutoff energy through the accuracy of the electron density. ) When calculating the two lowest eigenenergies by the plane-wave method this increase in the potential as a function of the cutoff energy is compensated by the improvement of the wave function leading to a decreasing trend. A deficiency of the the plane-wave expansion with small cutoff energies is that the order of the two highest occupied states vr"(3p) and mrs (3p) Figure 3 shows the positron wave function at the Cd vacancy. The trapping is a result of the reduction of the positron-nucleus repulsion at the vacancy relative to that in the perfect crystal lattice. The trapping is reBected in the increase of the positron lifetime against the annihilation with an electron, because the electron density at the defect is also reduced. For example, according to our calculations based on the LDA for the annihilation rate, ' the positron lifetime increases from 276 ps to 288 ps.
According to Fig. 3 
